Purkinje neurons play a central role in cerebellar functions. For Purkinje neurons to play such a role, the unique morphology of their dendrites is important. Purkinje neurons have the most elaborate dendritic trees among neurons in the brain (Fig. 1 ). They extend long proximal dendrites towards the pial surface. These dendrites branch extensively to form numerous synapses with parallel fibers, axons of granule cells. Purkinje dendrites are formed in a plane that is oriented perpendicular to the long axis of the cerebellum. Such unique dendritic trees differentiate over several postnatal weeks in rodents [1] . To date, many studies have investigated the cellular and molecular mechanisms of the dendritic differentiation of Purkinje neurons [2, 3] . Although those studies identified a number of molecules involved in Purkinje dendrite differentiation, several important aspects concerning differentiation of the unique dendrites remain unclear. This editorial highlights these aspects of the dendritic differentiation of Purkinje neurons (Fig. 2) .
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Extensive Branching
The most notable feature of Purkinje dendrites is their extensive branching. What is the mechanism leading to it? What about Purkinje dendrites differs from dendrites of other neurons? Although we cannot yet answer such questions sufficiently, I would like to mention two lines of recent progress in investigations of the molecular mechanisms of the dendritic branching of Purkinje neurons.
Intracellular calcium is an important regulator of the dendritic differentiation of many types of neuron [4] . Purkinje neurons express many types of calcium channel including voltage-gated calcium channels (VGCCs) and intracellular calcium release channels. Although knockout mice deficient in several types of VGCC have been generated, abnormalities in the morphology of Purkinje dendrites of these knockout mice have not been reported, except that Purkinje dendrites of Ca V 2.1 (α1A) knockout mice appeared to be shorter than those of the wild-type [5] . Thus, no or only mild phenotypes were observed in the dendritic differentiation of Purkinje neurons in these knockout mice, despite the expected importance of VGCCs. However, this might be due to the redundancy of VGCCs. From this viewpoint, it would be interesting to examine the effects of double or triple knockout/ knockdown of VGCCs on the dendritic differentiation of Purkinje neurons.
Regarding intracellular calcium release channels, Purkinje neurons exhibited reduced dendritic branching in knockout mice deficient in inositol 1,4,5-trisphosphate receptor (IP 3 R) type 1 [6] . However, these abnormalities are thought to be due to a deficiency in IP 3 R1 expressed by granule cells. The production of brain-derived neurotrophic factor (BDNF) is dependent on IP 3 R1 in granule cells, and BDNF released from granule cells has been suggested to promote dendritic branching of Purkinje neurons. A recent knockdown study reported that ryanodine receptor (RyR), another class of intracellular calcium release channel, is also involved in the dendritic branching of cultured Purkinje neurons [7] . Interestingly, not only RyR1 expressed by Purkinje neurons but also RyR2 expressed by granule cells is involved in dendritic branching of Purkinje neurons. Also, BDNF released from granule cells promotes the dendritic branching of Purkinje neurons downstream of RyR2 expressed by granule cells, suggesting similar roles of IP 3 R1 and RyR2 in granule cells (production or release of BDNF). Considering this hypothesis, it would be interesting to examine the effects of double knockout/knockdown of IP 3 R1 and RyR2 in granule cells on the dendritic differentiation of Purkinje neurons.
The second line of recent progress concerns the actin cytoskeleton. For dendrites to branch, cytoskeletons need to be reorganized. The rate-limiting step in actin filament formation is actin nucleation, the assembly of actin nuclei. CordonBleu (Cobl) is the WH2 domain-based actin nucleator [8] . A recent study using cerebellar slice cultures reported that the dendritic branching of Purkinje neurons requires the interaction between Cobl and the F-actin binding protein Abp1 [9] . Since Cobl is highly expressed in Purkinje neurons, the Cobl/Abp1 interaction may promote reorganization of the actin cytoskeleton in differentiating Purkinje dendrites, leading to their extensive branching. It would be interesting to examine the involvement of other actin nucleators such as the Arp2/3 complex, formins, and Spire in the dendritic branching of Purkinje neurons [9] .
Retraction of Dendrites
One of the characteristic aspects of the formation of Purkinje dendrites is their morphological changes during the differentiation process. The morphology of Purkinje dendrites changes markedly during postnatal cerebellar development [10] [11] [12] . In the first postnatal week in mice and rats, Purkinje neurons change their morphology from "fusiform/bipolar" to "stellate with disoriented dendrites", which means a morphology with multiple short processes extending in random orientations. In the second postnatal week, Purkinje neurons have only one primary dendrite extending in one direction (towards the pial surface). Obviously, retraction of some dendrites occurs during the latter transition process. In fact, the retraction of some dendrites was demonstrated to occur by live imaging of cultured Purkinje neurons [13, 14] . Thus, the characteristic morphology of Purkinje dendrites is formed not only through extension, but also through retraction.
Then, what is the mechanism underlying the retraction of dendrites? Several studies have reported such mechanisms. Protein kinase C (PKC) γ and PKCμ (PKD1) were shown to be negative regulators of dendritic differentiation which induce the retraction of dendrites in Purkinje neurons [2, 15] . Interestingly, it was demonstrated that retraction is triggered by contact between growing dendrites using time-lapse imaging of cultured Purkinje neurons [15] . Recent studies elucidated the involvement of several membrane proteins in the retraction of Purkinje dendrites. A study using knockout and transgenic mice showed that Nogo-A is a negative regulator of the dendritic differentiation of Purkinje neurons [16] . Since the Nogo receptor (NgR1) is localized in parallel fiber terminals, it remains to be elucidated how Nogo-A/NgR1 signaling influences Purkinje dendrites. Furthermore, protocadherins [17] and cell-autonomous Slit2/Robo2 signaling [18] were reported to mediate self-avoidance of differentiating Purkinje Fig. 2 Schematic representation of the molecules described in this editorial Fig. 1 Purkinje neurons visualized by immunohistochemistry against IP 3 R1 in a cerebellar slice of a 14-day-old mouse dendrites. Intracellular signaling mechanisms downstream of protocadherins and Robo2 remain to be defined. It should be noted that self-avoidance mediated by Slit2/Robo2 signaling occurs between high-order branches and not between primary dendrites [18] . Thus, mechanisms of retraction and selfavoidance may differ between such high-order branches and primary dendrites.
As another aspect of morphological changes of Purkinje dendrites, a recent three-dimensional confocal analysis demonstrated that dendrites of the majority of Purkinje neurons extend in multiple parasagittal planes in mice on postnatal day 18 [19] . The ratio of multiplanar Purkinje neurons decreased by postnatal day 25, suggesting morphological changes from multi-to monoplanar. This remodeling of dendrites occurs in parallel to the refinement of climbing fiber inputs to Purkinje neurons and involves GluRδ2 and GLAST, a glutamate transporter expressed by Bergmann glia. It remains to be elucidated whether the retraction of minor planes actually occurs and how climbing fiber inputs, GluRδ2, and GLAST are associated with this remolding.
Oriented Extension
Another feature of Purkinje dendrites is that Purkinje neurons extend proximal dendrites in one direction, towards the pial surface. Although this is one of the intriguing problems in the morphogenesis of Purkinje dendrites, its molecular mechanism has remained a mystery.
A study using cerebellar slice cultures demonstrated that PTPζ (RPTPß, Ptprz), a receptor-type protein tyrosine phosphatase synthesized as a chondroitin sulfate proteoglycan, and its ligand pleiotrophin (PTN) are involved in the oriented extension of Purkinje dendrites [12] . PTPζ is expressed by Purkinje neurons and Bergmann glia, whereas PTN is expressed by Bergmann glia. PTN/PTPζ signaling is required for the formation and/or maintenance of lamellate processes of Bergmann glia. Also, GLAST is involved in this mechanism downstream of PTPζ signaling. Detailed mechanisms of downstream signaling of PTPζ remain to be elucidated. In addition, the secreted form of PTPζ, phosphacan, may fulfill another function in the oriented extension of dendrites in the extracellular matrix around Purkinje neurons.
Concluding Remarks
Purkinje neurons form the most elaborate dendritic trees among neurons in the brain. Since Purkinje neurons are key elements in cerebellar functions, mechanisms of differentiation of their dendrites are important for understanding the relationships between cerebellar circuitry and functions. In addition, such mechanisms are intriguing from the viewpoint of the characteristic morphogenesis of cells. Although many studies have investigated extensive branching, and several recent studies have examined the retraction of dendrites, our understanding of the molecular mechanisms of these phenomena is far from complete. Furthermore, too little is known about mechanisms of oriented extension. It is notable that recent studies, as mentioned above, utilized superior techniques in molecular and cellular biology, such as knockout/knockdown, slice culture, three-dimensional morphological analysis, and live imaging. In addition, gene expression analysis and computational biology would support our investigation. Now, we anticipate excellent studies utilizing these techniques to clarify the molecular mechanisms governing the three important aspects: extensive branching, retraction of dendrites, and oriented extension, of the dendritic differentiation of Purkinje neurons.
